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Abstract 
The paper describes a problem of surface water resource availability and a problem of its water quality in connection with urban 
development. The authors research catchment areas in the Ural cities and find a dependence between catchment area functional 
zoning and the geoecological conditions of surface hydrographic objects. The objects of research are small surface water 
reservoirs typical of the Ural industrial centers. To satisfy the demands of a concentrated urban population, a sufficient volume of 
suitable water resources should be provided. In this article the authors analyze the possibility of obstruction the ecological 
approach into the procedure of the territory urban development. The authors worked out a GIS-based technology of the 
catchment area analysis and revealed the dependence between the structure of land use and the geoecological conditions in 
hydrographic objects. Urban planning in this case is presented as an instrument of the geoecological management. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The procurement of water resources is one of the basic factors of urban development. The volumes of water 
resources proper to use define the peculiarities of urban development: residential and industrial capabilities. In most 
cases surface water objects serves as the sources of all the kinds of water supply. The quality and volume of water 
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resources suitable for use determine the potential for industrial and residential development and the development 
prospects of the territory. 
Industrial and residential areas concentrated in urban areas are especially prone to contaminate surface and 
subsurface water objects. Despite the considerable development of environmental measures and technologies 
growing sewage pollution of hydrographic network is registered in many regions of high urbanization. This problem 
is especially important in districts of water scarcity. Not only arid regions are considered to be territories of water 
scarcity: in many cases city agglomerations lack water resources. At least four out of fifteen cities with over a 
million inhabitants in Russia lack water resources. The problem of the quantity of surface water resources is a 
problem in such cities as Moscow, Yekaterinburg, Chelyabinsk and Voronezh. The information about surface water 
resources availability in these cities is presented in table 1. 
Table 1. Available water resources in some Russian cities 
City Population  
(city), mln. 
Population 
(agglomeration), 
mln. 
Name of a main 
river 
Hydrologic 
discharge of  main 
river, cubic meter 
Moscow 12,3 16,5 Moscow 109 
Yekaterinburg 1,5 2,2 Iset 70 
Chelyabinsk 1,2 1,6 Miass 30 
Voronezh 1,0 1,3 Voronezh 70 
 
Thus, the industrial centres of the Urals are among the territories of water scarcity. All these cities are located on 
small rivers. As one of the measures to provide a sustainable water supply in these cities, water storage reservoirs 
were created on the rivers. The volume of these water storage reservoirs was calculated to provide the population 
and industry of the cities with water. Water storage in reservoirs organized in a surface hydrographic network turns 
out to be the cause of one more geoecological problem. This problem is to provide the proper quality of water in the 
storage reservoirs and to maintain the hydrographic network. 
2. Geoecological measures in urban development 
The ecological measures designed to provide sustainable development of cities is a part of urban development 
documentation. In their previous researches the authors of this paper tied up the geoecological conditions of small 
reservoirs and rivers (the surface hydrographic network) with the spatial structure of land use in their catchment 
areas. [1] As a result the planning the structure of prospective land use is an instrument for managing for water 
quality.  
The procedure of urban development documentation includes new residential areas and industrial zones spatial 
structure planning, it also changes the existing areas functional use. The development of unbuilt areas on small 
reservoirs and rivers catchment areas increases the anthropogenic load on these hydrographic objects.  
In their previous research the authors established that each type of land functional use determines its specific 
influence on surface hydrographic objects. The influence on the hydrographic network is studied through the surface 
run-off formed on the territories of the following functional uses within the territories of the settlements: [2] 
x residential areas; 
x industrial zones; 
x network of streets; 
x infrastructure of interurban transport (railways, depots and yards), airports; 
x pipe lines; 
x recreation areas (with subdivision into anthropogenic and natural zones); 
x garden and orchard territories within cities. 
The purpose of the previous research was not only to reveal the qualitative dependence between the 
geoecological conditions of the small reservoirs and rivers and the spatial structure of land use in their catchment 
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areas but to find the quantitative dependence between the areas of different functional use and the quantity of 
elements in sewage pollution. 
By means of analysis of topographic data in GIS, cartographic analysis and imitational modelling, the general 
formula of this dependence was revealed (1). This dependence in general ties up the quantity of pollutants coming 
with the surface run-off to hydrographic objects within the spatial functional structure of the catchment area. The 
types of subbase, seepage and morphologic characteristics of the catchment area were defined with the help of 
topographic maps. 
¦  trans.wat.trans.reliiipol ff)L,K,f(FQ    (1) 
Qpol. — the quantity (concentration) of pollutant in the surface run-off at the inflow point to the hydrographic 
object; 
f(Ki,Fi,Li) — the function of surface run-off (Fi — area of this or that functional zone within catchment area, Ki –
characteristic of the positional relationship of different functional zones towards the water's edge, Li – distance from 
the centre of the functional zone to the water's edge) 
ftras.rel. — the function of the run-off transformation on the land surface; 
ftras.wat. — the function of the run-off transformation in water. 
Analysis of the dependence (1) reveals the direct proportional dependence of (2): 
ipolipol K~Q;F~Q    (2) 
The first component of the dependence (1) (f(Fi, Ki, Li)) turns out to be the urban planning component of the 
research since it includes the spatial characteristics and positional relationship of the functional zones that is a 
consequence of urban development. The second component (ftras.rel.) includes both the urban planning and the 
geoecological components, which predetermine the transformation of the run-off transformation on the land surface. 
The third component (ftras.wat.) takes into account the transformation of the run-off in water. 
The method of catchment area functional zoning helps to reveal the dependence (1). The synergy of the land use 
and urban planning approaches has been used to reveal this dependence. The territory was subdivided into 
functional zones in accordance with land use and urban development legislation and technical documentation. The 
type of the anthropogenic transformation was estimated by means of topographic maps and satellite imagery data. In 
order to automate the calculations and modelling procedure a special GIS-based technology has been worked out. 
[3] This paper describes the procedure of urban development itself as a mean of geoecoligical and hydroecological 
management. We will use the catchment area functional zoning as a matrix of information gathering (table 2). 
Note that the areas of functional zones of different types, their spatial structure and positional relationship are 
typically assigned within the procedure of urban planning. From this point urban development functional zoning can 
be used to determine the spatial structure of the national economy, which makes it possible “put all the elements in 
the right places”. Correct spatial structure and land use within the catchment area on it enables the regulation of the 
anthropogenic load on water resources. By developing the unbuilt territories the city increases the anthropogenic 
influence on the nearby hydrographic objects. The procedure of urban development should fix spatial quotas and 
enable the allocation of this or that type of industrial production or land use in the catchment area. Such a regulation 
gives an opportunity to make precision calculations of the possible poisoning from each functional element in the 
catchment area. Such an approach helps to achieve efficient land use by providing that the quality of water in 
hydrographic objects will be suitable for future use. 
3. GIS-based instrument of spatial analysis and geoecological management 
The synergy of the geoecological and urban planning approaches enables us to estimate the contribution of each 
functional element to the process of water pollution. Selection of this or that functional element to be located in the 
catchment area should take into consideration its functional peculiarity and the possibility of its prospective 
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influence on surface water objects. The development of catchment area itself should be carried out so as to minimize 
the negative influence of the transformed elements of the catchment area on a nearby water areas. Land development 
in such areas should provide special technical measures to regulate the influence on water resources. Among such 
measures are hydraulic engineering construction and relief organization. 
Table 2. Surface run-off defined by catchment area functional zoning 
Name of functional zoning element % out of total area Major types of pollutants 
Residental areas   
rural 10,5 surface-active substances, 
multistory 11 petrochemicals, urban dust 
Industrial areas   
industry (I-III classes of harmfulness in 
accordance with technical documentation)    7 
metals, petrochemicals, 
phenols, surface-active 
substances 
industry  
(IV-V classes of harmfulness)  
   7 
surface-active substances, 
petrochemicals 
storage facility territories, 
transport zones 
   10 
petrochemicals 
Network of streets and roads 6,5 surface-active substances, petrochemicals, urban dust 
Territories of external transport   
railway 9 surface-active substances, metals 
pipe lines 4 petrochemicals 
Recreation zone 20 organic 
Gardens, orchards and cottage settlements 
within urban areas 15 
organic 
4. GIS-based instrument of spatial analysis and geoecological management 
The synergy of the geoecological and urban planning approaches enables us to estimate the contribution of each 
functional element to the process of water pollution. Selection of this or that functional element to be located in the 
catchment area should take into consideration its functional peculiarity and the possibility of its prospective 
influence on surface water objects. The development of catchment area itself should be carried out so as to minimize 
the negative influence of the transformed elements of the catchment area on a nearby water areas. Land development 
in such areas should provide special technical measures to regulate the influence on water resources. Among such 
measures are hydraulic engineering construction and relief organization. 
As the instrument of the modelling process the authors of this paper worked out and tested GIS-based 
technology. The basic calculations has been carried out by means of GIS Panorama (Desktop Variant - PanDesk), 
the additional work has been carried out with the help of thematic programme module. To explore the catchment 
areas in the programme 1:25 000 — 1:200 000 open use topographic maps and satellite images have been used. On 
the basis of cartographic information, digital terrain models, inclination maps, a matrix of heigth and geoecological 
thematic maps have been created. Cartographic materials used in urban planning documentation can also be 
involved in the analysis procedure. This technology is based on the use of topographic maps and satellite images as 
basic data. Its calculation model uses GRID (regular network) as a geometrical background in the procedure of 
catchment area functional zoning analysis. This matrix (GRID) is the basis of automated spatial data collection. All 
the built-over lands and other territories within the catchment area were presented as cells of GRID. Each cell of the 
50 meter GRID includes the territory of this or that functional use and for each GRID item the programme defines 
the influence on nearby surface hydrographic objects in accordance with the dependence (1). Each cell generates its 
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own run-off and transforms (by underground seepage, chemical and physical transformation) that of the higher 
located cells. [4] 
The transformation of the run-off is determined by the following factors: [5-7] 
x subbase (this characteristic depends on the land development level); 
x subbase filtration coefficient; 
x geomorphologic characteristics of zone; 
x contribution of the current zone to the whole run-off. 
The study of the run-off transformation on the land surface is especially important in built-over areas, where 
basic natural landscapes are modified. 
The definition of the catchment area borders and urban areas mapping was completed by means of GIS-based 
technology automatically and semiautomatically with further correction. This correction and functional zones 
division mapping were completed using urban planning cartographic materials created to support decision making 
materials. In this case the instrument created by the authors can be used for environmental assessment in the 
procedure of urban development. 
The urbanization and the inverse process of suburbanization are accompanied by urban areas development (in the 
first case people come to the developing cities from rural territories and smaller cities, in the second case people 
settle in the suburbs). As a result more and more territory becomes built-over land. Low-rise building and 
multistorey housing occur in big cities simultaneously. The Ural city Chelyabinsk since 2000 has increased the 
territory of low-rise districts by only 3%, while the territories of multistorey districts increased by more than 10%. 
Cottage settlements and well-organized low-rise districts the authors consider to be the urban area. 
Urban areas development influences not only the quality structure of the surface run-off, this process also 
changes the quantity characteristics of the surface water objects. The territories, where land development including 
sewerage and modification of the drainage lines basic structure was completed, as a result change the majority of all 
the run-off characteristics. The water relationships in such a territories are considered to be changed. 
5. Conclusion 
On the base of the research carried out we can conclude the following:  
x the influence of the urban areas on small surface water reservoirs and other hydrographic objects is a multilevel 
process, its complexity is not understood finally, its study demands a comprehensive approach; 
x urban influence on small surface water reservoirs is a new type of influence as most of the reservoirs were 
created in 20th century; the territories of the cities increase, constantly changing this type of influence; 
x the quality of relevant pollutant is in direct proportion to the area of the zone, which is the source of this 
pollutant (Qpol. ~ Fi); 
x the structure of the positional relationship of different functional zones within the catchment area determines the 
character of its influence; 
x legislative, organizational and technical regulation of catchment areas urban development is an instrument of 
geocologic management to regulate influence on small water reservoirs, rivers and other surface hydrographic 
objects. 
The composition of functional zoning and the areas occupied by the territories of this or that zone are tools to 
regulate the quality of water resources. This fact should be taken into consideration in the procedure of urban 
planning documentation development. The result of geoecological conditions modelling should be reflected in urban 
planning documentation. These measures should be described in the ecological part of documentation. The 
constructive and land development parts of urban planning documentation should provide a complex of active and 
passive measures and special constructions development in order to regulate the influence on surface water objects. 
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